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Banaba [Lagerstroemia speciosa (L.) Pers.] has been used as a folk medicine for diabetes in the Philippines. Using 
bioassay-guided separation, valoneaic acid dilactone (1) was isolated from the leaves as a potent a-amylase inhibitor. A 
simple and efficient method for the quantitative determination of valoneaic acid and its derivatives in Banaba extract was 
established. Valoneaic acid exists as the structural part of the polyphenols, which like flosin A, reginin A, and Iagerstroe- 
min, are characteristic constituents of Banaba. These derivatives were hydrolyzed to valoneaic acid by HC1 and extracted 
with 2-butanone. This extract was subjected to HPLC analysis, and the contents of valoneaic acid determined as the 
whole valoneaic acid contents. Using this method, the whole valoneaic acid contents were measured in eight Banaba leaf 
decoctions. The ot-amylase-inhibiting activities of the decoctions were dependent on the whole valoneaic acid contents. 
In addition, a strong linear correlation was observed between the whole valoneaic acid contents and total polyphenol 
contents. This analytical procedure is applicable to the chemical evaluation of Banaba. 
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ft-jr/^ [Lagerstroemia speciosa (L.) Pers., fn£i 

v^nxv^.'>ii& tisLm&Tftm.wtnmffifc 

*Tff t>ntz$Lttm%T:\$, corosoric acid 8 ' 9 ' *£<D 
b 'J t-JP'O-^, lagerstroemin'°> & if (OMfrftM 

m ? y - >, io.li) 17-^ y- >m n - ,4) mm% $ 

7 K^«lttjUi^?gtt^fi-r^ corosoric acid fttR 
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stroemin, 10 ' flosin B"> m<DlmfcftMW.5> y~y\Z., 

ssntct^e,, ztiz <ni}U7kttffi%n5> y~yb 

?Z> L. speciosa ©ftffl tflU cc 7 5 ?— tf ffl 
^fStt^ffHtC, L. speciosa m<D^m^m^<D 
l&ft&ffl'*, polyphenol B^fC^fgtt^tgtf) £ 
tlfcZ\t$:m&Ltc. 3) polyphenol H 

3*t£tliLTlB3Ht;£% valoneaic acid dilactone 
(D l6, £f#fc (Fig. 1). S^i:, L. speciosa <Dff a n 




Fig. 1 . Structure of Valoneaic Acid Dilactone (1) 
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RflittOfllSiSgWt l/T, L. speciosa \Zi$%.i\ 
S£itK BH*Co-7 5 7— fcflflgfiHt&tf # 'J 

ft & <2 SB 

1. o.7i7-KB*itt(tll gPS'Mcg^ 

te, 200^g/ml-C©ettM^ieLAc. 

2. £. jpmoiii 0oc7; 7 — P1^>1 

mat 

2-1. gE&tffiH *7A?D7h^77 
•f-CD^SiJte, Sephadex LH-20 (7-7->tA7 
7^Vy7), MCI gel £fljlr>fc. 
HPLCggte, Waters 600E -> 7. fA3 > h P — 
7 -S:t/ Waters U6k (Waters) ^tti§§(C 
Waters 486 UV Detector (Waters), fg^lC Unicord- 
erU-228 (B*«^I*) £fflv»fc. 

2-2. ft&Rvmm 7-f 'J f >M fpeciow 
jSSB©!^^ 660 g £ 1—3 mm ft iCgcSf U 80% 
acetone (51) T^fflUT 24 PfMlfitjB Ufc. ttffl$t 
*Jt»JL. SlatfC 80% acetone (51) £iD;LTfS«& 



tottimzwi£Ttfu£TmtiiL. mm® 

(86.91 g, 13.2%) fcfcfc. B«#J«Hff* (ID 
KGJgLTBtKX?-^ (11) T2®?}g2U fit$ 
XfJUflaitt (14.38 g, 2.17%) $61:, 
*JI £ n-BuOH T 53-12 L. 7* * / - )im Hi Va 
(21.76g,3.30%) £®fz. ftKX^jHfciHtt* 
MCI gel 73 y A (300X30 mm i. d., 75% EtOH) $ 
fflLfcft (6.51 g, 0.986%), (pE 73 7 A Waters 
AP-2 (300X25 mm i.d.) \Z tt L 7c Sephadex 
LH-20 TJ^A^PT h;7*7 7 -f -(Ctf U Fr. 1 (40 
—120 ml, 2670 mg, 0.40%), Fr. 2 (120— 160 ml, 
911.2mg, 0.14%), Fr. 3 (160— 200 ml, 419.2 mg, 
0.064%) , Fr. 4 (200—320 ml, 740.0 mg, 0.1 1 %) , Fr. 
5 (320—400 ml, 124.7 mg, 0.019%) , Fr. 6 (400—520 
ml, 74.8 mg, 0.011%). #.rjFr. 7 (520— 640 ml, 
185.7 mg, 0.028%) &*$SfW*fFtt&©a 
0 : solvent A: EtOH, solvent B: MeOH. ^^yj 
> hig£ti& ; A : B=100 : 0 — 0 : 100, M& : 1 ml 
/min, fflfefcfk : 254 nm). 

Fr. 4 6 JciJSffi HPLC [Capcell pak C18 (300 
X20mm i.d.. Sum, «££). MeOH-H 2 0-AcOH 
(30:70:0.1), MtM ■ 8 ml/min, »Jj£»6 : 254 
nm] T?#8fU valoneaic acid dilactone (1, 181.2 
mg, 0.027%) fcfcfc (Fig. 2). 



Legerstroomla speciosa (Dried leaves) 



ext with 80% Acetone 



80% Acetone ext 
(13.2 %) 



partit with EtOAc/H 2 0 



EtOAc 
(14.38 g, 2.17 %) 



r 

Fr.1 
(0.40%) 



partiL with n-BuOH/H 2 0 



1) MCI gel (75 % EtOH) 

2) Sephadex LH-20 

(EtOH : MeOH = 100 : 0-0 : 100) 



n-BuOH 
(21.76 g. 3.30%) 



H 2 0 



Fr.2 
(0.14 %) 



I 

Fr.3 
(0.084 %) 



Ff.4 Fr.5 Fr.6 Fr. 7 

(0.11%) (0.019%) (0.011%) (0.028%) 



C 18 HPLC (MeOH : H 2 0 : AcOH = 30 : 70 : 0.1) 



1 (0.027 %) 
Fig. 2. Isolation Scheme of L. Speciosa 
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3. Valoneaic Acid Dilactone (DO^flfttf 
3-1. ga&tfg^ HPLCtt, Waters ft© 
in line degasser t Waters # S3 Module-1 25: If 
Waters 996 y * h^f K 7 U-f &ffl§§£ J£i^ 
ITffl^fc. -r-^©5aa. ##Tte, Millennium 
(Waters) £/1^7c. HPLC ^tiT^T 0.45 urn 

3-2. &fi$SftfiE Valoneaic acid dilactone (1) 

£*§®icft»u 5oo P pm y-frmmzmmL 

tz. £ft£jI:iD?p-#?LT 100, 50, 25, 5 RXS 1 ppm 

3-3. L. *pec*05a3ISI$£i£tib 1 

-3mm^l;i»rlT, 170°C 1, 7c&. 10 fg 
*tfK :*>£&*T7JPafcgtrj (85'C, 5 min.) Lffl 

Lfz. 

3-4-1. JOTk^T^SV'ttiai 
160 mg £ 60°C<Z)i&7|< 100ml Id&ftPU ^i&ldft 

(t-7d>->-;UJpD IC, j!jp*#«fflgiaeMml £ 
it® (36%) lml£A*lTS§teU iaifcW^S^ 
^l^oTl*I$?g5r?gfaL^:. £tt£ 115°C (DM® 
K»BU 4mmKfctSitTc. NaCllg£ 

mmLmmbtzm, 20 ^mvtz. fttm., 

2-butanone £ 4 ml Wit\)LT$LL< tg&U OUT 
2500 rpm T 5 ftfflM'bttffi Lfc. A'X ^-;Pf^ 

(3-4-2#RS). ^^wgejitefi*.!;: 

tz. %®mmm$i<»*m\x nu^mxmf&s^m 
hplc^l, n^ntz^^wv, i®ft$>fz 

<9<Dl<D$m (m valoneaic acid *) ZXtbtz. 

3-4-2. &&T%®i<Dtkmzi:z&mm^v>&& 
omwtm mfcftmmmi 4 mi \z, m®izn 

M. (0.5 mg) LtzlZmfaLtz. utlCSi (36%) 

imi£8siraLT. 3-4-1 \zmm<D&ft-?to*ftm. 



3-5. HPLC&# *7A: Wakopak 5C18 
HG WftMmXM. 250X 4.6mm id., 5//m) \Z 
■JVftyk m%m&TM Wakopak 5C18HG, 30 
X 4.6mm /.</., 5^/m) : A: 100mM 

NaHjPO, • 0.05% H 3 P0 4 aq-CH 3 CN (92 : 8), B: H 2 
O-CHjCN (50 : 50), A : B=10O : 0 (0—38 min.) 
— 0 : 100 (40— 55 min.) — 100 : 0 (57— 72 min.). 
tJyAUm- 40°C, MM ■ l ml/min, ft A* : 10 
Hi, mi£WL& : 254 nm. 

3-6. nmtm 

3-6-1. ®V'&U±Attmim 3-4-1 $ffi<Djj 

mzm-Jzm® Ltzmmftmrnimz 5 ®m 0 m v 

TfemftffiL, V-*mifU:K>£W)&®. (C. v.) 

3- 6-2. ^flP[fl]lKI*& 7JP*#fl? 20 ml 
iZMWt (36%) 5 ml £gs7JPLT, 3-4-1 \zmffi<D& 
frTftI*»**fft>fc. fc&m<DUm& 5 ml -f-D 

#au ^nztuztfy-juzmmLtz 1 

(0.425, 0.85 Rtf 1.275 mg ) fcgSinLfc. 3-4-1 (C 

mmoftmmmmmzm^zfemftmmumzm 

4. J® Valoneaic Acid Iio-7;7- -fcfPll^ 
tt&tf polyphenol fiiOffiMtt 

4- 1. t*!|4<9tSi¥ 7-f >g L. spec/osa 
OSe»3S*^tt«l:8tt (fi 5 16— 24cm. « 7.5 
—10cm) 1— 3mmftlC^»rLT50 
°CT2P#RSj , £a£L£. £31 500 mg £fr» U 80°C 

wn®*70mi-c3o»r B ifflaiLfc. ^sic^a 

%. HS7kT£4 100 ml l£5fc&U 3*ST3i®L 
7c. «SJcD^^<J20ml«|g^L, aUT5ISn 

4-2. *P * 9t M R If m Valoneaic Acid S # #r 

gClttlMFC. 4-lT#fclW#4mlRtfJfi|& (36 
X) lml£Jn*TBM£U tOMfSHDS^JCfi^ 

Trt*«*ffl«iufc. cn^ ii5°c \zmmvtzW4 
•p 4 ^MRrtjs*. 3-4-1 mwKDxmizm-izftm 

4-3. a-7S7-tfPS#Stt 4-11?#fctt» 
*#20m!«»U MffiTTftWl/4l;/,t5S 

T-jgiBii^. ^@7j<"C5mi \zfe®L, 4fem&mm 
4-4. "j i x y - )u^a 4-1 ■vmzmmz 
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JUK AOAC?£lc¥i;. Folin-Denis&tCcfcO^M 

Ltz. "> 

1. t. jpec/ow <Da-7i 7 — Pl^Sttricfttf) 
$3? a- 7 5 7--fc'lfiggtt£^<ilC. L. 
speciosa Mt&V'tiiLftffiM&TT-D Tz (Fig. 2). L. 
speciosa <D 80% acetone |Sl±i^($, tit&X.?- JlRTS 

a-HlCOHTo- 7 5 7— tfESJSttSlll^fctC. 
5 (Fig. 3), KKx^^JiCIBSffffl^JtttWai 
5 St Sephadex LH-20 * 
7A7DT|>7'77'f-fC=k9#8IIU #iEFr. 1 
—7 £#7c. Fr. 1—7 (D a- 7 5 5—t?H*Sttft 
H^fclg* (Fig. 4),Fr. 4Cftfc9ftfri|HlFlSttA< 
B«>Sft&®T. iS»ffiHPLCi:J:*|»«tff-3fc 
t H 5. 1 !&*#Sftfc. 1 tt. 'H-NMR IC*5 

v>T DMSO-tf 6 4" S H 7.19 (2H, s) Rtf 7.60 (1H, s) 
W->7*7-;P$:4^.. FABMS V\t m/z All (MH + ) 




n-8uOH 
soluble pan 



20 40 
Inhibition (%) 

Fig. 3. Inhibitory Effects of 80% Acetone Extract and Par- 
titioned Fractions of L. speciosa on a-Amylase Activity at 
20O//g/ml 
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Fr.2 
Fr.3 
Fr.4 
Fr.5 
Fr.6 
Fr.7 
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XiKte 18 ' t Jttfc L/, 1 £ valoneaic acid dilactone ,6 > 
tmmVtz. a- 7 5 7— ifH#»tt (ICjo) tt. 80 
% acetone MUJtt^ 244 /ig/ml T*ofc0>£** L, 
1 \* 21. 9 ng/ml -V3bz>tz. 

2. I. speciosa l&titffatpO Valoneaic Acid Dilac- 
tone O^SMgl L. speciosa fl;^$n5l0 

HPLCffiTfi&£»£fT:3 7c. *JttI 
ao**»CJ:*^*lS*«l8«>6nfc (Table 1). £ 
tlri, 1 £ valoneaic acid ester t. LT#f je^tpi^^ 
tf lagerstroemin ^<7)in7K#fl?3j^ >X >75*, 

»$o»»lwJ:0»«IU i0£*a«ji«tt±Jtt!iQb 

it. ®*&. mmtsLinz&o, &BR]&m*&mz- 
mnrz. mnmo&WRvmx&mz 

%&$:Jk\Z~$t%X.t,tlZ>. $.tzL. speciosa 

to®<^mx?zm\z, • mwowm-vtamm 
m™Lrz®'&, i <Dfcmmz%m&£.c ztztb. s, 
nwmotiuzicmttizzLt&^msnz. vtz& 
ot, KD^mmzit, cne.o^KgHn.t^^ 

fcftMZ. tli> Z\ t \ZM @ U valoneaic acid ester £ 

ifg valoneaic acidfi<!;LT£*T-5^&£#^L 
fc. ###rte£flli-t-57c#>, L. speciosa M&>$& 

&WWm&£LT<DiB%mz&m-fZ>tzib\z, 
tfttetd<t0*ii6e.n5.i^ valoneaic acid jit, a- 7 
5 7— Ifia^ffittRt; polyphenol 4 £©fflMt££ 



Table 1 . Valoneaic Acid Contents in Banaba Leaves 



Fig. 4. Inhibitory Effects of Fractions 1—7 on a-Amylase Ac- 
tivity at 200 /jg/ml 



Hydrolysis 


Valoneaic acid {%) * 


procedure 


Not treated** 


Treated 


Not roasted 


0.057 


2.05 


Roasted*** 


0.184 


2.10 


* %: percent by leaf 



** analyzed the decoction without hydrolysis procedure. 
*** roasted for 15min at 170'C. 
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2-1. HPLc$#<fl&rr a*©is«*tt*tt 

WLfc^I, Amakura b©$# J1 > L-fc, ig 

IK A: 100 mM NaH 2 P0 4 • 0.05% H 3 P0 4 aq-CH 3 CN 
(92 : 8) Tktffe& B: H 2 0-CH 3 CN (50 : 50) © 2 

mmmntz (Fi g . 5). 

2-2. ttftRogfttt 1 ©&*&«. 1-100 

ppm©«HTtr-^jii«y t«arxowca»a 

IIttil«B»6nfc (Fig. 6). */jN-*jsfetcJ:r) 
b tlAclElDftfi^SCti y = 7.62 X 10 4 x -26800 T* 
*0. «Hfc»/-=0.999j&if§6ftfc. 
2-3. ftlTkaftKft©*^ L. speciosa j&ffl 

*W*fT^fc. aK»«**S6TlD*«-*». 2- 
butanoneTttfflbTt#&ft3#*M.fc*». 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 10 20 30 40 

Time (mm) 



Fig. 5. HPLC Chromatogram of Hydrolysate of Banaba Ex- 
tract 

Valoneaic acid dilactone (1) f»: 31.2 min 



tz. c<D-m<Dmmz^x, uafcftmizwTzm 
mzm^tz (Rg. 7). ff^flasmncfftiii 
mmzmmv, 4mrnvm*ttj.r>tztik. mmmz 
wpLfz. ej&i$ibj4I5hi*t«. tn*ftmm*> 

- >4>© valoneaic acid ester ^<Dt)Q7kftMWM'fT t 

^TSJ^Bte^T-fc*. H#<Z>3fttt. oakffijffl 
^©ellagicacidW^Siit&ICiS^T, SfjlJDTK^ 
fi?©i&flTgc*-5C:<!;77<. Lei b(C«t 0$8^$tlT 
v>*. 22 > JW±©<££73> b, «& valoneaic acid 

\zyf mrm^(Dmm^i<D±mmmsnrz. zn<b 
<D»E®,m\ i ©^fttcsirTus*. etTo^« 

TBI'S fc. L. *pec;<wa&Jli{gtt£Bl*X©7}<jg& 

m. MitiiRtfftmzft^tz. tttBB#. 
^jsic*««Bsnfc*«. z\tinzm%Lit-r, was© 
#jrl.t. \m<DftmnmzmLtz. 

^(Di^m. l<D\BlW.mtl06%-V$>-DfzZ\tfrib. 

z\n^<D^mmt. 1 ofemiz&w&mizu^t 
mmvtz. 

2-4. nmmm 2-3-e^wufc^ftics^^ 

A © f - * ® «il75^b C.V. fl £ L fclS*. 

i.75%T*^fc. moi®ift<Dmto\Eiwumz&wz> 

l<D^m\t, 100.2— 104.1 %T-$>r3tz. 

2-5. & Valoneaic Acid |i«-7;7 — riPlg 
Stt&tf Polyphenol fii OffiMtt tt*© L. 




Concentration (ppm) Fig. 7. Effect of Time on the Yield of Valoneaic Acid from 

Banaba Extract by Hydrolysis 
Fig. 6. Standard Plot of Valoneaic Acid Dilactone (1) %: percent by extract. 
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speciosa £ 8 iltf. O*^ & »fcJ»*«Ui 
j&ldO^T, & valoneaic acid J: XI a- 7 5 
7— mmt£& (IC„) fcH^fc (Table 2). & 
valoneaic acid Ite. 5fctfi<7)£*##ri£ IC J: 0 

«JBET«**fTv»4ft«|»«tbT»tt* 

ml) tUT#»fc. WMje«tt>tf6 
O^^etl/;*!. & valoneaic acid UCDtSiJUKf* 

%.tc, & Ifi ttS h$ <D polyphenol fk £ Folin— Denis 
f£ ,7) £ffll^T5)<«6, 4£ valoneaic acid »<htf>|?5&£ 
W^fct^. Kv>ffiHtt*«B»'6nfc (Fig. 8). 

TOmm&Z&tt-rZtztb, Table 1 \ZTW.&1£& 
ftVHzm\,*tc L. speciosa ttftj&KO^T ', 

J&fctt valoneaic acid »«, «»!» 
H^f : 2.05%, gHM« : 2.10X) tLT'&Ztl, 

4"IhW2S Zft^fz L. speciosa (Dftfi, polyphenol 

\t, m&i&ftt>m j $iicyimtz£'t%i'&LTit'£<to 

*«Hli-C**. ^(Dfctb, polyphenol © p a pHI¥ffi 
tefCte, Folin-Denis tt*«:&tt— ftlt 

U^b, £>£>:frJ£T# 6 ft -5 polyphenol M. 

\t, <Djjmzfesbz>mm®in, -rtat>*>, *> 
*^v\ ^n^witfi^afttt, 7i/-)P 

JtfiJtlfttt polyphenol **ffiffi^aiST#4* 

mmoK®, mm%isTft?femftm\z\tm 

valoneaic acid ester it polyphenol $| 
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Table 2. Inhibitory Effects of Banaba Leaf Decoctions on a- 
Amylase Activity 



Banaba 
decoctions 


Valoneaic acid 
(% by each leaf) 


ic 50 

(^decoctions/nil) 


Leaf A 


1.47 


333 


Leaf B 


1.95 


266 


Leaf C 


2.01 


239 


Leaf D 


2.13 


258 


Leaf E 


2.32 


269 


Leaf F 


2.76 


248 


Leaf G 


3.00 


186 


Leaf H 


3.07 


219 




7 I ' 

1 2 3 

Valoneaic acid (%, after hydrolysis) 

Fig. 8. Correlation of Whole Valoneaic Acid and Polyphenol 
Contents 
% : percent by leaf. 



HPLC ftlfHZ =fc 0 l omttM (& valoneaic acid S) 

zmfe?z>b<D-?$>z>. mmiztofcftmmftzft? 

fe&fe&mt VXit, (Gymnema sylves- 

tre R. Br.) ^tptf) deacylgymnemic acid 24) -^g'g 
(Ay-^^Lithospermum erythrorhizon Sieb. et 
Zucc. ZmntLrcft^mm <Ftf)shikonin 2 » <D 
SlW^nTUS. ^nbCD^^fi, poly- 
phenol «®£3&A£tt&£A&&T«4Mfc®A 

iitf)|fi*fM£ HPLC T'5t»-r-5fc56, f£ttM£ck 

1 £>5tftte. f valoneaic acid H t a- 

speciosa <D a- 7 5. y— t'ffi^Stt^M© 1 

D. *75 5- £lfl*»ttffilS©»*i»It£l,T 
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